Inhibition of multiple pathways accounts for the antiapoptotic effects of flavopiridol on potassium withdrawal-induced apoptosis in neurons.
Serum and potassium (S/K) deprivation is a well-known apoptotic model in cerebellar granule neurons (CGNs), used to study the efficacy of potential neuroprotective drugs. The objective of this study was to determine the pathways involved in the neuroprotective role of flavopiridol, a pan-inhibitor of cyclin-dependent kinases (CDKs), upon S/K withdrawal-induced apoptosis in CGNs. Cell death in primary cultures of rat CGNs was accompanied by chromatin condensation and activation of caspases-3, -6, and -9. Caspase-3 activity was also evaluated by cleavage of 120-kDa alpha-spectrin. Flavopiridol (1 microM) prevented caspase activation and abolished apoptotic features mediated by S/K withdrawal. Re-entry in the cell cycle is also involved in apoptotic neuronal cell death. Flavopiridol (1 microM) inhibited DNA synthesis as measured by BrdU incorporation, thus enhancing proliferating cell nuclear antigen expression. Serum/potassium (S/K) deprivation induced apoptotic cell death mediated by the activation of several kinases such as glycogen synthase kinase-3beta and CDK5, as well as the breakdown of p35 in the neurotoxic fragment p25; inactivation of myocyte enhancer factor-2 (MEF2) was also found. Pretreatment with flavopiridol prevented these biochemical and molecular alterations. Taken together, these findings suggest an apoptotic route in CGNs after S/K withdrawal mediated by the activation of several kinases involved in cell cycle deregulation and MEF2 inactivation. We propose that the antiapoptotic properties of flavopiridol are mediated through kinase pathway inhibition.